





rate and activity of the ciliary bodies in the eye t and to be 
neither antagonistic nor additive in action on the circular 
muscle of the iris. 

Jager (94) found, in in vitro experiments, that the 
atroplnase in rabbit serum vae inhibited strongly by 
aepiperphenidolp whereas the atroplnases in rabbit and guinea 
pig liver were cooperatively resistant to inhibition by 
meplperphenldol* 






TAB*" MIXTURE 



. - 
Bile mixture contained 50 mg of atropine sulfate fe 210 mg 

of N-diethylamlnoethyl benxllate (henactyzine) fe and 2 g of 

c rime t by le ne bl e ( 4-fty dr oxy iml now t tylpy ri d ini urn )di bromide 

(THB-4) In 100 ml of solution. Wiles and Ford (284) summarized 

the results of experiments in which rats, rabbits t dogs, and 

monkeys were given Intramuscular injections of graded a Ingle 

doses of TAB* Eats of the two sexes were studied separately. 

All the rabbits used were males- Dogs and monkey a were 

unselected es to sex, but the groups of animals of these two 

species contained approximately equal numbers of the two 

sexes* The first sign of toxic actions seen in the rat, the 

rabbit, end the dog was ataxia; the first one seen in the 

monkey was ptosis of the eyelids* 

Table 1-5 summarizes the information obtained from the 

studies summarised by Wiles and Ford (284) and by Lee et al. 

(265). The intramuscular doses that resulted in the first 

signs of an effect In 50Z of intact animals of the various 

species and in death of 50Z are given. TAB appeared to be more 

lethal (by a factor of 1*67) to female rats than to male ones, 

although the threshold toxic doses for the tvo sexes were 

identical* The rat apparently was more resistant to 

i - -i 

Intramuscular TAB than the other species tested, the male rat 
having an intramuscular ID 50 nearly 4 times the mean of those 
for mice, rabbits/ dogs, end monkeys* Dogs given 22.6 mg/kg 
had the activity of their serum glutamic-oxaloacetic 
transaminase (SCOT) increased during 5 h after injection by a 
mean of nearly 8 51. Thereafter, SCOT fell] at 7 d after 
Injection, It vas not significantly different from the control 
value* Monkeys that died 2-3 d after injection had liver 
necrosis and deposition of collagen In the renal glomeruli* 
Monkeys had a series of alterations of the activity of SGOT 
similar to that reported for the dog, the mean activity 5 h 
after Injection being increased by mors than 1182 above the 
baseline activity and decreasing slowly thereafter. Lee et al. 
reported that all mice that died did so within 2 d after a 
single injection df TAB, which these investigators concluded 
was no more lethal than the THB-4 in the mixture. 

Wiles and Ford (286) recorded the results of an experiment 

in vhlch animals were given subcutaneous (rata) ui 

lntramuacular (dogs and monkeys) doses of TAB at 1. 2-41* 2 mg/kg 
5 d/vk for 4 wk» Rate were hyperactive for about 1 h after 
each injection, whereas the dogs (beagles) and monkeys vers 
less active after each injection than they had been before it. 
The response of the iris to Illumination of the retina in the 
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dog end the monkey became sluggish to absent, depending on the 
dose of TAB* Three rats, all from a group given .doses of 12*9- 
mg/kg, died during the experiment; a rale died after the fifth 
dose, and two females died after the last (twentieth) dose, but 
before they tfere to be subjected to necropsy* No definite 
cause for these deaths was found* No other animals used as 
subjects in the experiment died during the 4-wk study* 

Holgate and Sidell (287) reported the results of an 

experiment in which three volunteers were given intramuscular 
injections of 2 ml of TAB and three other volunteers were given 
ones of 4 ml* By 9 mln after injection, the mean performance 
in the Number Facility Teat had been reduced to 311 (2 ml) or 
59% (4 ml) of the baseline performance; by 5*5 h, performance 
was 98*991 of the baseline performance. The heart rate 

1n/*f«iiiH ill phtlv fhw f*.6Z aftftr 2 ml : hv 4ul nff^r A ml 






within the 0*5 h after injection; 6.5 h after either injection, 
it vaa below the original value. Systolic and diastolic blood 
pressures increased slightly after injection and then slowly 
fell to below the original values within 4*5-6*5 h after 
injection* The pupil diameter increased after both doses, and 
both near and far visual acuities decreased. 

The moat common complaints voiced by the subjects of the 
experiment were of dryness of the mouth* muffled and indistinct 
speech, dizziness, weakness of the arms and legs, diminution of 
the sense of balance, and slowing of reflex responses. Other 

complaints made less frequently Included those of thirstiness, 
sleepiness , disorganized activity . distraction by noise, 
restlessness, uncoordinated mental activity, inability to focus 
the eyes, blurred vision, muscular twitching, weariness, 
discomfort in the throat during swallowing, malaise, 
inappropriate desire to laugh, nausea, weakness of the voice, 
and rubbery legs* 

Sidell (288) described an experiment similar to that of 
Holgate and Sidell (287) in which four Volunteers were given 
intramuscular injections of 2 ml of TAB solution and another 
four were given 4 ml. The smaller dose resulted in a decrease 
in the mean score in the Number Facility Teat of 40% during the 
15 min after Injection, whereas the larger dose resulted in a 
decrease of 78% during the same time. The scare returned to 
its prelnjection valua at a mean of 2.25 h after injection of 
the smaller dose, whereas 2-5 h were required for a return to 
the prelnjection value after the larger dose (no mean time for 
the four volunteers given this dose was stated)* Three of the 
four teen given the larger dose experienced hallucinations. 

The smaller of the doses administered by Sidell resulted 
in a alight increase in supine systolic blood pressure for 
1-1.5 h after injection and a more marked sod prolonged 
increase In supine diastolic blood pressure* Standing systolic 
blood pressure waa 5-8 ma Hg below supine systolic blood 
pressure, whereas standing diastolic blood pressure was about 
the same as that in the supine position* Mean pupil diameter 
at 5 h after injection was about 0.5 mm greater than that 
before Injection. After the larger do*e of TAB, supine and 
standing systolic pressures vers increased for about 0*75 h 
after the Injection, and supine diastolic pressure was 
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increased for About 3*5 h. Steading diastolic pressure was 
about the same as that before injection- at 5 h after 

injection! the Bean diameter of the pupil was 2 on greater than 
that before injection. 

Sidell reported that the subjects who received the smaller 
dose of TAB had xerostomia, blurred vision, "'dizziness" or 
lightheadedness* drowsiness, slightly impaired coordination, 
and some difficulty with concentration and memory • These 
appeared 5-10 min after injection, and the subjects generally 
were free of symptoms by about 1 h After injection- One 
subject was markedly nauseated, vomited, and complained of a 
severe headache* The subjects who received the larger dose 
were grossly uncoordinated, one being unable to stand without 
assistance, in addition to having xerostomia and blurred 
vision* Three of the four men had hallucinations, poor 
attention spans, impaired ability to concentrate, and poor 
memory- The effects started within 5 min after injection, 

peaked mt about 30 min, and had largely subsided by 2 h after 
injection* Two of the subjects, one from each dosage group, 
who had been made quite uncomfortable by the effects of TAB 
were treated with physostlgmine 18 min after receiving TAB* In 
both cases, the toxic symptoms were ameliorated within 10-15 
min after administration of the physostlgmine* 

Holgate and Sidell (289) summarized the effects of 



than 
dose 



intramuscular injection of 2 ml of the TAB solution into three 
subjects who were exposed in a hot room at 35°C and a 
relative humidity of 90Z for 1 h before the dose of TAB and for 
2 h after the Injection* Merely increasing the temperature and 
the humidity was not found to be sufficient to produce an 
Increase in heart rate, so long as the subjects remained at 
rest. From the dose-response data reported earlier, a single 

dose of TAB failed to have much effect on this rate. Yet the 

combination of TAB and increased temperature and humidity 

greatly Increased heart rate* Cognitive function was not 

significantly altered under the conditions of the control 

trials, although there was a tendency for the exercising 

subjects to have lower aeons in the Humber Facility Test 

the group at rest* Comparison of the effects of a single 

of TAB in the dose-response study with those in this study 

indicates a synergistic relationship between TAB and thermal 
stress* 

Holgate and Sidell (290) described an experiment in which 
eight volunteers were given intramuscular injections of 2 ml of 
the TAB solution after having trained in the performance of a 
lever-pressing task that Involved both estimation of time and 
vigilance; four other volunteers were given intramuscular 
injections of 4 ml of the TAB solution after training in the 
same task* The 2-ml and the 4-ml doses induced increases in 
the mean heart rate of 302 and 90Z f respectively. The maximal 
change in heart rate occurred 10-20 min after injection and 
lasted for about 4 h after the larger dose* After the smaller 
dose, the subjects continued to be able to estimate time 
reasonably well and to respond effectively to visual signals In 
the vigilance portion of the task. The larger dose of TAB 
resulted in failure by the subjects to initiate timing 
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responses and to respond to visual signals In the vigilance 
pare of the task* Auditory signals of the erroneous estimation 
of time and of failure to respond to the visual signals still 
evoked intermittent, but usually late, responses by these 

subjects* Holgate and Sidell concluded that the subjects could 
continue to function at e reduced level after the lover dose of 
TAB, but vers virtually incapacitated after the larger dose. 

It Is apparent from the signs and symptoms of intoxication 
by TAJ that the sublethal effects are due primarily to the 
anticholinergic components of the mixture, This impression is 
strengthened by the reported beneficial effects of 
administration of physostigmine to seriously intoxicated 
subjects* However B the date in Table 5 on the lethal 

ef f *c£ivene*# ft? th# TAB mixture- in comparison with data In 

Tables 1 and 2, show that the LD50 of TAS ia closer to that 
of TMB-4 than to that of either of its anticholinergic 
constituents. Lee et al. (285) estimated that the 
intramuscular single-dose ^50 of THB-4 for male mice was 
53*5 mg/kg, whereas that of TAB waa 64.5 mg/kg. The 
corresponding figures for benactyzlne hydrochloride and for 
atropine sulfate were 92*1 end 604 mg/kg, respectively! Mice 
that died after doses of TAB, of TMB-4, or of benactyzine 
hydrochloride did so after bout a of clonic -and tonic 
convulsions, vhereas those which died after doses of atropine 
sulfate were severely depressed and ataxic. Mice given 

benactyzlne hydrochloride were very sensitive to tactile or 
auditory stimuli, which often originated seizures. This 
triggering effect was not reported for the mice given either 
TAB or 1KB-4* The hlndleg paralysis described as affecting 
only those mice given TAB may have resulted from a combination 
of the ataxic action of Atropine end the blocking activity of 
TMB-4 at the neuromuscular junction. 

DISCUSSION 

The Initial Interest of the chemical defense establishment 
In anticholinergic compounds was related to their use in 
antagonizing the toxic actions of the nerve gasea. The early 

research on the biologic actione of this group of compounds 
performed by Edgewood Arsenal and Its contractors was directed 
toward identification of the limits within which atropine might 
be used advantageously as a prophylactic and therapeutic agent 
against intoxication by inhibitors of cholines t erases and 
toward determination of whether any synthetic anticholinergic 
compound i which might be more readily available than atropine 
during a conflict, had safety end efficacy at least equal to 
those of atropine* For example, the group of investigators at 
the Johns Hopkine Medical School (Abner McGehee Harvey, David 
Grob, Joseph Lilienthai> Jr- , Richard Johns, John Harvey, etc.) 
studied several synthetic anticholinergic compounds that had 
seemed in preliminary teats with animals to have some 
superiority over atropine in antagonizing the toxic effects of 
Inhibitors of cholinest erases. This was done in part by 
treating cholinergic crises, in patients with myasthenia gravis 
who vara being given inhibitors of chollneateraee <DFF P TEPP, 
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Sarin, and ne o s t 1 gmine ) to Increase their muscular ttrength, 
with the synthetic antl cholinergic compound! and comparing the 
results of such treatment with those of similar administrations 
of atropine* Some normal volunteers also were used in this 

sort of research* 

Unfortunately* none of the anticholinergic compounds 
tested as outlined above was found to have any superiority over 
atropine* The research with WIN 2299 summarized in one of the 
reports (147) included in the group submitted for this survey 
is an example Of the work of the group at the Hopkins. Other 
groups doing research on anticholinergic compounds in the same . 
era were those at Galesburg State Research Hospital (Harold 

Hiawich and associates), Galesburg, 111. (144,157), at the 
Hon tef lore Hospital (Yale Koskoff and associates), Pittsburgh, 
Fa* (158), and at the University of Illinois School of Medicine 
(Archer Gordon and associates), Chicago, 111. (27,151). 

After a decision had been made to seek a new type of 
chemical agent among compounds that had disruptive actions on 
the normal functions of the central nervous system, 
anticholinergic compounds became of interest again, because of 
the well-known activities of atropine and acopol amine in 
producing a temporary toxic, psychotomimetic state. Host of 
the reports in this survey belong to this later period, which 
started in about 1958. TAB, the last substance discussed in 
this survey p was intended to be a therapeutic agent in 
nerve-gas intoxication for self-administration by soldiers* as 
well as for use by medical personnel* It combined the 

peripheral and central anticholinergic actions of atropine and 
benactycine with the principally peripheral 
cholinesterase-reactivatlng activity of trimedoxime (TMB-4). 
It was devised in approximately 1975 after Russian chemical 
protective kits captured by the Israelis were found to contain 
somewhat similar preparations. 

Although the anticholinergic substances considered in this 
survey differ in chemical constitution, all seem to produce 
about the same effects. There la sone variation in the balance 
between central and peripheral actions among these substances, 
the compounds containing qua te ml ted amino functions having 
almost exclusively peripheral actions when moderate doses are 
administered. The anticholinergic compounds said to have been 
administered to volunteers, but not mentioned in the reports 
submitted for this survey, may reasonably be expected to have 
actions similar to those of the 24 that have been discussed, 
because of the similarity of actions among the 24. 

Single-dose LB^qb for mice, rats, and rabbits have been 
found for 17 substances other than atropine that permit their 
lethal activities to be related to that of atropine. On the 
basis of atropine - 100, the lethal activities of single dosee 
of the 18 substances fall in the following order of increasing 
potency: methylscopQlammonJ.ua, scopolamine, d-hyoacyamine , 
atropine, methylatropinlum, WIN 2299, caramiphen, EA 3334, 
302,666, benxetimide, mepiperphenidol, 3-qulnuclidinyl 

benzilate, benactyxine, l>2~elpha-tropinyl-L- 
(pheoyicyclopentyl)-glycolate, TAB, tropinyl benxilste, Ditran, 
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and L-2-alpha-tropinyl benzilate* Ho information on the 
Bingle-dase lethalities of EA 3443, EA 3580, 302,196. 302,212, 
302,282. 302,537, 3-qui nue lid inyl-L-(phe nylcy elope ntyl)- 
glycolate,, or 2-ffiethyl-3-qulnuclidiayl-L- 

(phenylcyeiopentyl)-glycolate were provided or could be found 
In the literature* Such information should exist; in itn 
absence, no precise Judgment oa the safety of these compounds 
can be Bade* That la not to say that they are unsafe. The 
human studies carried out with these compounds Indicated that 
none had persistent effects on the volunteers beyond several 
days after single doses* 

Among the 13 fomer volunteers who had been given at least 
one of the compounds with which this report is concerned acid 
who were re-examined by Klapper et_ £!_• (161) in 1970-1971, only 
one, of two who had received 3-quinuclidinyl heazilate, 
reported having experienced a flashback* The other 
abnormalities reported by or found in the nine former 
volunteers who had been given atropine, scopolamine, at 
3-quinuclidinyl be mi late probably were unrelated to their 

serving as volunteers* The four men who had been given EA 
3834, 302,668* L-2-alpha-tropinyl benzilate, or benzetimlde 
apparently had no abnormalities* 

Among the 16 compounds for which doses effective In 
producing some definite alteration of function were stated, 
data are available for 11 after lntraamscular injection. The 
other five compounds were administered by intravenous 
injection* Because ve have in no case an indication of the 
relative effectiveness of intramuscular and intravenous 
injections of these five agents, it is impossible to rank all 
16 in order of relative effectiveness* Among the compounds 
administered to volunteers by intramuscular injection, the most 
active in inducing a degradation in normal function — most 
commonly assessed on the basis of the done required to cause 
lose of at least 251 of the predose score In the Number 

Facility Teat by 501 of a group of subjects—was EA 3443, 
followed fairly closely by EA 3580* EA 3834, and 
3-quinuclidinyl benzilate* Thle ranking agrees with that by 
Lavaliee (50) , except for EA 3834, which was not included In 
that author's rating. Less active than 3-quinuclidlnyl 
benzilate, in order of decreasing effectiveness, were 
mepiperphenidQl f 3-quinuclidinyi-L-{phenylcyclopentyl)- 
giyeolate, 2-aethyl-3-quiiuiclidlnyI-L-(phenylcyclopentyl}- 
glycolate, L-2-alpha-tropinyi benzilate, scopolamine, 
methylscopolaomonlum, and atropine* 

Among the compounds administered by intravenous injection, 
the most active were 302,212 and 302.537. The intra venous 

do««« of these two compound* required to induce a definite 

degradation in normal function in the volunteers were larger 
than the intramuscular dose of 

2-aethyl-»3-<iuinuclidinyl-L-Cphenylcyclopentyl}-glycolate 
required to satisfy the sane criterion; thus, one surmises that 
these two compounds ere probably weaker than the one or two 
agents that follow 2-me thy l-*3-quinuclidinyl-L-( phenyl- 
cyclopentyl)-glycolate in the list of compounds injected 
intramuscularly* The other coapounda injected intravenously, 
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In order of decreasing activity, ere 302*668, 302*282, end 
benzetimide- 

Regarding the 16 compounds for which Incapacitating 
dose ■—-tie ually calculated ii the doaea requited to degrade the 
score in the Number Facility Teat to not more than 102 of the 
pre dose score — were given* three route a of administration were 
used: intramuscular injection* intravenous injection, and 
Ingestion* The most effective of the compounds injected 

Intramuscularly was 3-quinuclidinyl benzllate, followed in 
order by EA 3443, EA 3580, 3-quinuelidinyl-L-(phenyl- 
cyclopentyl)-glycolate* L-2-alpha-troplnyl-L- 
(phenylcyclopentyl)-glycolate i L-2-alpha-tropiayl benzllate, 
scopolamine * 302*196, atropine , and Ditran* 

The moat actively incapacitating of the intravenous ly 
injected compounds was 302*212; its incapacitating dose was 
larger than that of 3-qulmuclldinyl-L'-(phenylcyclopentyl}- 
glycolate, so it probably fits into the aeries of compounds 
given by Intramuscular Injection two or more compounds below 
3-quinuclidinyl-L-(phenylcyclopentyl)-glycolatep 

Of the two compounds administered orally, EA 3834 was 
slightly more than twice as effective as WIN 2299. Its 
effective oral dose was about 442 greater than the IB5Q for 
intramuscular L-^-alpha-tropinyl benzllate. EA 3834 apparently 
ranks fairly high In comparative ability to produce 
incapacitation* and WIN 2299 probably falls near the middle of 
the hierarchy of compounds with this type of activity. 

Among the seven compounds injected intramuscularly for 
which times to onset of effect were stated* the most rapidly 
acting was 302*196* followed closely by scopolamine. Then 
followed in order L-2-alpha-tropinyl benzllate, 3-quinuclidinyl 
benzilate* 3*iiuinuclidinyl-L-(phenylcyclopentyl)*-glyeDlate t EA 
3580, and 2-oethyl-3-quinuclidinyl-L-{phenylcyclopentyl)- 
glycolate* Among the intravenously injected compounds, the one 
with the fastest onset of action was 302,668, with a time to 
onset of 30 min, whereas intramuscularly Injected scopolamine 
and L-2^alpha-tropinyl benzllate had times to onset of 15 and 
60 min* respectively. WIN 2299 had a time to onset of 40 min 
after ingestion, whereas EA 3834, by the aame route of 
administration, had one of 168 min. The two compounds other 
than 302*668 injected intravenously* 302*537 and 302,212, had 
tines to onset of 90 and 240 min* respectively, so they 
probably fall in the middle and lower parte of the entire 
hierarchy* 

Two of the 12 compounds for which durations of effects 
were stated are outstanding in this regard: 
3-quinuclidinyl-L-(phenylcyclopentyl)-glycolate and 
3-quinuclldinyl benzllate* with mean durations of 
incapacitation of 69 h# L-2-alpha-Tropinyl-*L-( phenyl* 
cyclopentyl)-glycolate came in a weak third p with an estimated 
duration of Incapacitation of 27 h. The other nine compounds 
for which this measure la available had durations of action 
between 90 min and 6 h. In order of Increasing duration of 
effect they art EA 3580, 302*196* 

2-aethyl-3-<iuinuclidinyl-L-(phenylcyciopentyl)-glycolate f 
L-2-alpha-tropinyl benJtilatt* aconolamine , EA 3834, WIN 2299, 
302,668, and 302*212. 
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Because of the particularly long durations of their 
ef facta, 3-quinuclidinyl benzilate and 

J^uinuclidinyi-L-(phenylcyclopentyl) -glycols te (EA 3167) might 
be more hazardous to both corporeal and mental health than the 
other compound s on which reasonably complete Information is 
available. However* 3-qulnuclidlnyi benzilate haa one of the 
moat favorable ratios of LD50 for small rodent a to ID 50 for 
humans* The corresponding ratio for EA 3167 cannot be slated, 
because do data on its LBjq for experimental animala have 
been provided. 

Of the five quinuclidinyl compounds on which Information 
derived from experiments with human subjects was provided , we 
have measurements of lethality for experimental animals only 
for 3-qulnuclidinyl benzilate. The only basis on which we can 
compare this group of compounds is effect on the volunteers * 
Of these five compounds, 3-qulmiclldlnyl benzilate Is the most 
potent as an incapacitating agent, and it and EA 3167 (the next 
most potent of the five as an incapacitating agent) have 
particularly long durations of action, requiring 3-5 d for 
complete recovery* The other three compounds in the group have 
durations of incapacitation of about 2-6 h» As a group, these 
compounds are not particularly rapid inducers of whatever 

changes follow their administration; even after intravenous 
injection, 302,212 and 302,537 required 4 and 1.5 h, 
respectively, to Induce incapacitation- After intramuscular 
injection, 3-quinuclidinyl benzilate , EA 3167 , and 301,060 
required 1.25, 2, and 5 h, respectively! to induce 
incapacitation* These long times contrast with 12 min for 
302,196— N-methyl-4-piperidiylcyclopentyl-{l-propynyl)- 
glycolate. They probably reflect comparatively slow 
penetration into the brain and adsorption onto nerve cells 
there* The basis for the differences is not readily apparent. 
In both animals and man, the earliest symptoms and signs 
that follow administration of any of the anticholinergic 
compounds are restlessness, a feeling of dryness of the mouth, 
dryness end flushing of the skin, and decreased motility of the 
gastrointestinal tract. The effects produced by these 
compounds can be categorised as effects on or through the 
central nervous system, effects on peripheral effectors, and 
effects on or through nucleotides. 

The effects mediated through anticholinergic actions on 
the central nervous system include restlessness, shortened 
ettentiveness and decreased ability to concentrate on a topic, 
sensation of dizziness or faintnese, tiredness, lassitude, 
drowsiness, sensations of heaviness and of altered shape of the 
limbs, apprehension, flattening of the EEG and decrease in the 
predominant frequency, weakening or abolition of the visual 
alerting reaction in the EEG, increase in photic driving of the 
EEG, ataxia, nausea, mental slowing* underestimation of elapsed 
time, decreased sensitivity to pain, obstinate progression, 
vomiting, Incoherent and extravagant ideation, xanthopsia and 
other chroma tops las, disturbed sleep, hyperreflexla with 
development of Babinskl's sign, illusions, disorientation, 
hallucinations (predominantly visual), somnambulism, delirium 

(possibly violent), and coma with occasional convulsions- 

1 ■■ 
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Effects of anticholinergic compound* that may depend 
primarily on action! at neuroef fector junctions include dryness 
of mouth, difficulty In a wallowing, hoarseness and dry cough, 
dryness of nasal mucosa and nasal stuffiness, dryness of 
conjunctivae! relaxation of smooth muscles of the inteetinal 
tract with decreased peristalsis, vasodilatation in 
conjunctivae and scleras, brightness and dryness of the eyes, 
mydriasis and cycloplegia* flushing of face and upper chest, 
Increased body temperature during exercise or in a hot 
environment, temporary bradycardia (rarely, but possibly, with 
cardiac standstill), tachycardia, slightly decreased systolic 
blood nreasur*- in£r*a§*d diastolic --blood "restore- h«dache or 
eyeache, difficult urination, dyspnea, atrial fibrillation, 
atrial ventricular dissociation, and ventricular fibrillation. 

The only compound in this group whose fate in the body has 
been studied to a moderately satisfactory extent is atropine. 
Some information on the metabolic fates of 3-qulnuclidlnyl 
benzilate and of diethylamiuoethyl benzilate is available (193, 
219), but it does not account completely for all parts of the 
molecules* The binding of 3-quinuclldinyl benzilate to nerve 
cells (193,194) and to organelles from such cells (195) has 
been studied, but no detailed studies of its detoxification, 
pharmacokinetics, and molecular pharmacology have been found 
for use in this review* Little or no information on the 
biochemical aspects of the activities of the anticholinergic 
compounds surveyed here has been found. Whether such 
Information exists in literature that has been withheld from 
consideration for this survey la 

So far as the general impact 
on human health is concerned, the 
been attributed to long-term administration of these compounds 

Is the induction or exacerbation of the dyskinesia that may 
occur after long-continued use of neuroleptic compounds* This 
condition is characterized by intermittent protrusion and 
rotation of the tongue and by chewing or biting movements of 
the jaws and mouth, in many cases with athetoid or choreiform 
movements of the limbs (292*296)* The condition has been 
reproduced in animals, at least in part, by administration of 
neuroleptic drugs (297, 298) • Scopolamine was found to 
increase the intensity of the experimental syndrome induced in 
mice by such drugs as methylphenidate and teflutlxol 
(298,299)* ly analysis of electromyographic records from 
patients with tardive dyskinesia during administrations of 
various drugs and procedures, Kano and associates (3 DO, 301) 
concluded that the dy akinesia is induced by relative 
by perf unction of dopaminergic neurons in the striatum 
established by excessive lnactivation of cholinergic neurons by 
anticholinergic drugs* 

There is abundant evidence that medication with 

anticholinergic drugs is contralndlcated in human tardive 
dyskinesia (302*309)* Burnett et al . (308) found that the 
improvement in tardive dyskinesia after discontinuance of the 
anticholinergic drug, when both an anticholinergic compound and 
a neuroleptic drug had been used to treat schizophrenia, was 
not due to any change in the patients 9 serum concentration of 



of anticholinergic compounds 
principal ill effect that has 
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the neuroleptic compound, but must have been due Co withdrawal 

of ah effect by the parasympatholytic compound- Qerlach et al* 
(310) had Advanced essentially the same Idea In suggesting that 
centrally active anticholinergic drugs administered to patients 
with tardive dyskinesia increased the predominance of dopamine 
in the brain stem (established there by the induce ion by 
neuroleptic drugs of supersensitivity to that effector 

substance) by decreasing the effect of acetylcholine on 
striatal receptors and thereby disturbing the balance between 
cholinergic and dopaminergic effects* 

Hartys (311) investigated the drugs responsible for 
"certain" and "probable-" reactions in 335 patients in a total 
of 617 patients treated during a period of years, finding that 
511 of all the reactions vera caused by drugs that had actions 
on the central nervous system. The most common of these 
reactions Here drowsiness, nausea, dizziness, diarrhea, 
headache, and dry mouth. When the symptoms collected by 
Investigator ■ (311-314) who had used a variety of 
anticholinergic drugs for various purposes are arranged in 
order Of decreasing frequency of specific complaints, the 
following list results* Incoherence, disorientation, flushed 
facles f hallucination, mydriasis and cyclopegia, restlessness, 
hyperactivity, picking or plucking motions with the fingers, 
ataxia, motor incoordination, coma, tachycardia, confusion, 
dryness of the mouth, hyperreflexia, apprehension, fear, 

somnolence, fever (above 37,8°C), retrograde amneoia, toxic 
delirium , nausea, diarrhea, headache, nocturia, urinary 
retention, impotence, painful ejaculation, tremor, gastralgia, 
rash, itch, and vomiting. 

Pf eiffer e£ al . (312) found that children generally were 
somewhat more sensitive to ant imus carl nlc drugs than adults; 
the root mean square of the difference in order numbers based 
on the frequencies of signs and symptoms of intoxication by 
3-quinuclidinyl benzllate between adults and children was 
2.66* Children had higher frequencies of occurrence than 
adults for 10 of the 15 ef facta counted - 

Craig (315) analyzed the nature of death of 48 patients in 

a mental hospital whose deaths were attributed to asphyxia and 
found that 14 of the patients had choked to death* Because 
therapeutle regimens for psychotic patients commonly include 
combinations of neuroleptic, antlmuscarinic , and tricyclic 
antidepressant drugs and because all these categories of drugs 
have the ability to induce sensitization of neuronal effectors 
to dopamine or to prevent access of acetylcholine to 
cholinergic neuronal effectors, or both, Craig and associates 
(316) undertook a further study of the association among 
alteration of the gag reflex, possible drug-induced neurologic 
syndromes, and the administration of drugs to chronically 
hospitalized psychiatric patients. 

Of the 58 patients in the study (316), 34 were considered 
to have normal gag reflexes, nine to have variable responses to 
touching the posterior pharngeal wall, and 15 to have 
definitely Impaired gag re flare ■• The last two groups were 
combined for the analysis of drug use. All 58 patients had 
been receiving neuroleptics and antiparkinsonian) drugs; 12 
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(35X) of the 34 patients with normal gag reflexes had received 
anticholinergic drug*, whereas 15 (62X) of the 24 patients with 
variable or impaired gag reflexes had received anticholinergic 
drugs. In the group with normal gag reflexes, only 14 (411) 
had facial-oral dyskinesia, and only 19 (551) had dyskinesia of 
some part of the body* In contrast, 19 (791) of the patients 
with variable or Impaired gag reflexes had facial-oral 

dyskinesia, and 20 (83%) bad dyskinesia of some part of the 
body. Craig at al» concluded that patients with tardive 
dyskinesia, and particularly those receiving anticholinergic 
drugs, sre at high risk of having impaired gag reflexes and, 
consequently, of having swallowing impairments that Increase 
their risk of death by asphyxia associated with entrance of 
food or other foreign material Into the larynx. 

Injections of atropine and hyosclne into chicken eggs on 
the fourth day of incubation have resulted (291) in increased 
rates of desth of the embryos (e.g*, 33% living on the twelfth 
day of incubation vs. 91% alive in eggs into whici saline was 
injected) and of malformation (e.g., 332 of those alive on the 
twelfth day of incubation vs. OZ occurrence in the control 
eggs)* Gaatroschisis was the most common malformation 
accounting for about 711 of the abnormalities found in the 
embryos. Despite this finding in the closed environment of the 
egg, there have been few findings suggestive of a teratogenic 
effect of anticholinergic compound a in mammals. One report 
(317) described an acramlal and snencephallc f etue with 
complete atelectasis of the lungs, hemorrhage into the lungs, 
and hypoplasia of the adrenals born to a woman who had been 
treated during pregnancy for a duodenal ulcer with 10 ig of 
oxyphencyclamins two or three times a day. (As the saying is, 
one swallow does not make a summer; or, to corrupt Virgil T s 
imperative, ab uno non diace omnes.) 

The survey by the General Practitioner Research Group 
(136) found only one among 57 Instances of reproductive 
accidents in the group of 661 women who had taken drugs of some 
sort during the first trimester of pregnancy that could 
possibly be related to an anticholinergic drug. It ahould be 
noted, however, that two-thirds of the accidents of 
reproduction found in this survey were related to the use of 
antlhistaminic drugs, many of which have aome anticholinergic 
activity. Although anticholinergic drugs are useful in 
ameliorating the results of lack of inhibition of contractions 
of the detrusor muscles of the bladder, the danger of causing 
the development of hydronephrosis by using such drugs in cases 
with obstruction of urinary outflow from the bladder has been 
noted (318), 

With respect specifically to 3-quinuclidinyl benzilate, 
several drugs containing the quinuclidlne ring, including 
quinidlne, are in more or less regular use. The closest 
relative to 3-quinuclidinyl benzilate la clidinium bromide, 
which is a component of Librax* nils preparation consists of 
one-third clidinium bromide and two-thirds chlordiazepoxide and 
ia administered usually In unit doses of 7.5 mg, one or two 
such doses being prescribed three or four times a day. Several 
papers (319-323) have reported aide effects experienced by 
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patient a advised to take Libras, usually for ulcers of the 
gastrointestinal tract* The most common side effects af use 
this mixture were dry mouth and constipation, Other fairly 
common effects were drowsiness, headache, gastritis, nausea, 
and vomiting* Also mentioned in these papers were blurred 
vision* ataxia, tachycardia! and difficult micturition* 
Females vers reported (319) to develop higher heart rates and 
greater tendencies to constipation than males; males had a 
greater incidence of difficult micturition than females. There 
was one report (321) of petechias and thrombocytopenia in a 
woman who developed these conditions while talcing one unit dose 
of Librax three times a day. After discontinuance of Librax, 
her platelet count, which had fallen to 12,000/min^, became 
normal (200, 000-500, OOO/ma 3 ) within 5 d. 

Although N-benzyloortroplnyl benzilate was found (324) co 
be more potentTy antimuscarimic than 3-quiouclidinyl benzilate » 
the latter compound produced greater disruption of the behavior 
of mice and rats than any of eight other antimuscarinic 
compounds tested, including N-benzylnortropinyl benzilate* 

Although one of the two former subjects who had been given 
3-quiauclidinyl benzilate re-examined by (Clapper e_t al, (162) 
was the only former subject to have had an. apparent flashback, 
a conclusion that 50S of these subjects experienced flashbacks 
probably would be highly erroneous* The available evidence 
from studies with both animals and man is that recovery from 
intoxication with this benzilate, although it occurs slowly , La 
complete* Mice end guinea pigs given five subcutaneous doses 
per week of 3-qulnuclldlnyl benzilate at ISO ug/kg for 3 wk. 
(total maximal dose, 2.25 mg/kg) were reported (184) to have 
developed no lasting signs of toxicity. The experience in 
experiments with both laboratory animals and man has been that 

generally the mydriatic and cycloplegit effects on the 
intrinsic smooth muscles of the eye are the ones that persist: 
longest after doses of 3-qulnuclldinyl benzilate. The 
cytotoxic actions of this benzilate (206,207) do not seem to 
have been reflected in definite heritable mutagenic effects. 

The general conclusion of this survey is that there is no 
firm evidence that any compound surveyed carries a direct 
hazard of persistent diminution of human health and normal 
function in the doses used by Edgewood Arsenal and its 
contractors or an indirect hazard of abnormality of structure 
or function in offspring of the former volunteers. However, 
the cryptic activities of these compounds need to be studied 
much more intensively than they have been. 
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TABLE 1-3 



Si„«le- D o.« Usp. o£ PbenylLcpropylglycolic Acid E. 









AniiDial 



Koui 



Rat 



tab bit 



Cit 



Dog 



Monkey 






Route of 
Adaiinist ration 



I.V. 



I. P. 



P.O. 



I.V. 



I.p 



I.M 



I.V 



I.V 



I.V. 



I.V. 




EA 3834 



63.0 



262 



25. 1 



49.5 



29.4 



302,668 



61.1 



120. 



383,0 



63.5 



153.4 



30. v 



49.0 



65.0 



100.0 
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TABLE I-* 



Single-Dote LD^qi of Nonetter Anticholinergic Compounds 



Animal 



Route of 
Admin iter at ion 












Houae 



- 



I-V. 



U*5QLl «g^& 



Mepiperphenidol 



Bensecimide 






20,0 



46.0 



s.c. 



640 



P.O. 



970. a 



305 



Rac 



I.V. 



37.6 



S.C 



160 



P.O. 



404 



Guinea Pig 



S.C. 



L53 



P.O. 



82.S 



I 116 






Create PDF with G02PDF for free, if you wish to remove this line, click here to buy Virtual PDF Printer 



• 



TABLE 1-5 
Single-Dole Minimal Effective and Lethal Intramuscular Doses of TAB 



4 




Animal 



Male mice 



^ tt£/kg 



a 



61 4 4.2 



Male rata 



36 C2? p 48) 



251 (210, 301) 



Female rata 



Hale rabbits 



36 (1G P 134) 






45 



154 (131. 179) 



66 



Dog 



21 



SO 



Monkey* 



21 



50 



a 






Figurei in parentheses are 952 confidence limits* The standard 
deviation of the mean la given for mice* Single values were derived froaa 
experiments whose reaulta were not suitable for calculation of 
appropriate statistics* 
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